R ecent meta-analyses have shown a possible increased risk of cancer associated with angiotensin-receptor blockers used alone or combined with angiotensin-convertingenzyme (ACE) inhibitors.
Selection of relevant studies
Two of us (C.Y., H.Y.) independently evaluated the eligibility of all studies retrieved from the databases on the basis of the predetermined selection criteria (Appendix 2, available at www .cmaj .ca /lookup/suppl/doi:10.1503 /cmaj .101497 /-/DC1). Disagreements between evaluators were resolved by discussion or in consultation with a third author (S.M.P.).
Data synthesis
To compute a pooled relative risk (RR) with 95% confidence interval (CI), we used the RRs (or odds ratios) and 95% CIs that were adjusted for most confounders. Because the incidence of cancer is generally low, we assumed that we could ignore the distinction among the various measures of relative risk in our study. 36 If estimates for more than one type of cancer were reported in a single study, we asked the authors for the combined estimate. If the combined estimate was not provided by the authors, we used the estimates from the largest number of cancer cases. If the outcome measures were unsuitable for meta-analysis, we used data from a 2 × 2 table to recalculate crude estimates.
Because of known clinical and methodologic heterogeneity of the studies used in analyses, we report pooled RRs and 95% CIs calculated from the random-effects model using the method described by DerSimonian and Laird. 37 We performed sensitivity analyses to examine effect sizes when only the following types of studies were included: studies that reported use of ACE inhibitors; studies that reported use of either ACE inhibitors or angiotensin-receptor blockers; studies that reported adjusted estimates; studies that reported estimates for any cancer development; cohort studies and nested case-control studies; and studies with long-term follow-up. Because cohort studies and nested case-control studies are known to have less recall bias, selection bias and temporal ambiguity than conventional case-control studies, they are considered to have higher methodologic quality. 38 Therefore, we excluded conventional case-control studies and used only cohort or nested case-control studies in the sensitivity analyses. Studies with long-term follow-up included those that had a mean follow-up of more than five years, as well as studies that reported estimates from a subgroup with a follow-up of more than five years.
We used random-effects metaregression analysis to determine whether there was a relation between the risk of cancer and potential effect modifiers, including study design and five predetermined quality-assessment items (representativeness of the cohort or cases; ascertainment of ex posure; exclusion of outcome of interest at enrolment; assessment of outcome; and control of study for age, cigarette smoking, body mass index and diabetes mellitus). Two of us (C.Y., H.Y.) independently assessed the potential effect modifiers, and disagreements were resolved through discussion.
We conducted subgroup meta-analyses by study design and by type of cancer. We investi- Excluded n = 242 (duplicates) Excluded n = 3692 (not relevant) Excluded n = 15
• Letter, review, correspondence or commentary n = 8 • No available data for outcome measures n = 1 • Standardized incidence ratios used n = 1 • Nonmelanoma skin cancer n = 2 • Shared identical population, not used n = 3
Articles screened n = 3735
Full-text articles assessed for eligibility n = 43
Articles included in qualitative synthesis n = 28
Articles included in quantitative synthesis (meta-analysis) n = 28
• Cohort n = 12* • Nested case-control n = 6
• Conventional case-control n = 10 *Two cohort studies shared identical population and were used only in subgroup analyses.
Additional studies identified from bibliographies of relevant articles n = 7
Articles identified from electronic database searches n = 3970
Total identified articles n = 3977 (Figure 1 ). Two of the cohort studies were used only in the subgroup analyses because they shared a study population (Appendix 2). 22, 34 We contacted the authors of six articles to ask for the combined estimates for total drug users; 5, 19, [21] [22] [23] 34 the authors of three articles provided these adjusted estimates. 19, 21, 23 The outcome measures were unsuitable for meta-analysis in two case-control studies; 11, 28 we therefore used data from 2 × 2 tables to recalculate the crude estimates.
A total of 3 611 694 people participated in the 10 cohort studies included in the meta-analyses. The mean duration of follow-up for the total cohort was 5.75 years (range 1-13 years). Seven of the cohort studies reported the total number of participants using ACE inhibitors or angiotensinreceptor blockers (n = 26 912) as well as the number in whom cancer developed (n = 1210, 4.5%). 4, 15, 16, [29] [30] [31] 35 All but 2 of the 16 case-control studies reported the number of cases (n = 27 987) and controls (n = 119 879). 5, 6, [9] [10] [11] [12] [13] 18, 19, 21, [23] [24] [25] 28 The proportion of participants who used an ACE inhibitor or angiotensin-receptor blocker was 7.3% among the cases and 7.9% among the controls. Tables 1 and 2 show the general characteristics of the studies included in the analyses.
The methodologic quality of the studies is summarized in Tables 3 and 4 . All of the studies controlled for age, and about half also controlled for cigarette smoking or body mass index.
The metaregression analysis of the association between potential effect modifiers and the log estimate for the risk of cancer showed a significant difference between cohort or nested casecontrol studies and conventional case-control studies (Appendix 3, available at www .cmaj .ca /lookup /suppl /doi:10.1503 /cmaj .101497 /-/DC1).
Effect of medication use on risk of cancer
We found no significant association between the use of ACE inhibitors or angiotensin-receptor blockers and the risk of cancer in the metaanalysis of all of the studies (RR 0.96, 95% CI 0.90-1.03) ( Table 5 ). However, significant heterogeneity existed among these studies (I 2 = 60.5). The heterogeneity was due in part to study design and duration of follow-up; it was not due to whether studies evaluated ACE inhibitors alone or combined with angiotensin-receptor blockers, or whether studies evaluated any cancer as opposed to specific cancers.
In the sensitivity analyses, a beneficial effect of the use of ACE inhibitors or angiotensin-receptor blockers on cancer risk was shown when the conventional case-control studies were excluded (RR 0.90, 95% CI 0.83-0.97) ( Table 5) . A beneficial effect was also found when the analysis was limited to the 11 studies with long-term follow-up (RR 0.89, 95% CI 0.83-0.96). 4, 6, 13, 15, 18, [22] [23] [24] 27, 31, 33 When the analyses were restricted to studies that investigated the effect of only ACE inhibitors on cancer risk, the 12 cohort and nested case-control studies showed a nonsignificant protective effect (RR 0.93, 95% CI 0.86-1.01), 4,12,15,16,19,21,23,29−33 and the 8 studies with longterm follow-up showed a significant protective effect (RR 0.89, 95% CI 0.80-0.98). 4, 13, 15, 18, 22, 23, 31, 33 No significant change was observed when we excluded two studies with crude estimates. 11, 28 In the subgroup analyses by study design (Figure 2) analysis of the conventional case-control studies (RR 1.14, 95% CI 1.00-1.31).
In the subgroup meta-analysis of the seven studies that reported estimates for any cancer development, a beneficial effect was found (RR 0.85, 95% CI 0.73-0.98) (Table 6) . 4, 12, 13, 16, 24, 29, 35 When studies were stratified by site of cancer, a decreased risk of cancer associated with use of ACE inhibitors or angiotensin-receptor blockers was identified for esophageal cancer (RR 0.73, 95% CI 0.57-0.94) and an increased risk was observed for melanoma ( were excluded. When analyses were restricted to studies with long-term follow-up, no association between use of ACE inhibitors or angiotensinreceptor blockers and individual cancers was found except for a beneficial effect on smokingrelated cancers (RR 0.79, 95% CI 0.64-0.98; I 2 = 0.0%; data not shown).
Interpretation
Our meta-analyses of observational studies showed no significant association between the use of ACE inhibitors or angiotensin-receptor blockers and overall risk of cancer. However, a beneficial effect was shown in sensitivity analyses that included only cohort and nested case-control studies or studies with long-term follow-up.
In the subgroup analysis by site of cancer, we found that use of ACE inhibitors or angiotensinreceptor blockers was associated with a decreased risk of esophageal cancer but an increased risk of melanoma and kidney cancer. When conventional case-control studies were excluded, the analysis showed a decreased risk of esophageal cancer and prostate cancer and an increased risk of melanoma. Moreover, longterm use of ACE inhibitors or angiotensinreceptor blockers was associated with a decreased risk of smoking-related cancers.
The anticancer effect of ACE inhibitors and angiotensin-receptor blockers is thought to be mediated through rennin-angiotensin systemdependent inhibition of angiotensin II levels 42 as well as increases in bradykinin levels. 43 Many experimental studies have shown that angiotensin II may affect cancer development through various steps, 44 which can play a role in the process of cancer initiation, progression, 45−47 invasiveness 48, 49 and metastasis. 50 Bradykinin that is overly produced by ACE inhibitor use acts on endothelial cells to induce synthesis of prostacyclin and the release of nitric oxide. Both increased prostacyclin and nitric oxide contribute to the anticancer effect of ACE inhibitors by counteracting the action of angiotensin II. 42 Furthermore, the use of ACE inhibitors has been shown to reduce the tumour volume as well as prevent metastasis in rodent models of common human carcinomas.
51−53
The most recent and largest meta-analysis of RCTs re ported no significant association between the use of ACE inhibitors or angiotensinreceptor blockers and the development of cancer. 2 However, the duration of follow-up in most of the trials ranged from one to five years. Because events are generally evenly distributed across a trial, mean exposure time to study drugs before cancer diagnosis would be less than three years, which is considered to be too short to make any meaningful conclusions about the incidence of cancer in hu mans. 3, 54 Moreover, more than half of the trials used in that meta-analysis involved patients with severe comorbid diseases such as heart failure, chronic kidney disease and coronary artery disease; premature death by comorbidity before cancer development would have affected the results.
By using observational studies in our metaanalysis, we were able to include studies that involved general populations and had longer follow-up periods. The average duration of followup in the cohort studies, for example, was 5.75 years, with the longest follow-up being 13 years. In addition, we were able to conduct a sensitivity analysis of studies with a mean follow-up of more than five years.
Contrary to findings of our meta-analysis, previous meta-analyses showed a possible increased overall risk of cancer associated with the use of angiotensin-receptor blockers alone 1 or combined with ACE inhibitors. 2 Unlike people who use ACE inhib itors, those who use angiotensin-receptor blockers have high angiotensin II levels. 55 Moreover, blockage of angiotensin II type 1 receptors by angiotensin-receptor blockers can lead to unapposed stimulation of angiotensin II type 2 receptors, which can lead to tumour angiogen esis. 56 Such stimulation together with high angiotensin II levels may explain the different results. Unfortunately, because studies included in our analyses mostly reported estimates for ACE inhibitor use or for use of either ACE inhibitors or angiotensin-receptor blockers, we were unable to compare the effect of angiotensin-receptor blockers and ACE inhibitors. However, when we analyzed separately the effect of ACE inhibitor use on cancer risk, we found a protective effect in cohort and nested case-control studies as well as in studies with long-term follow-up.
In the subgroup analyses by cancer site, the possible preventive effect of ACE inhibitors or angiotensin-receptor blockers on prostate cancer can be explained in part by the effect of these medications on reducing insulin resistance, 57 a known risk factor of prostate cancer. 58 Regarding smoking-related cancers, the possible smokingdependent effect of the ACE genotype suggested in a few studies 59, 60 may help to explain our finding of a reduced risk of smoking-related cancers associated with long-term use of ACE inhibitors or angiotensin-receptor blockers. Smoking has been shown to increase plasma renin activity and thereby might accelerate the production of angiotensin II to advance carcinogenesis. 61 ACE inhibitors or angiotensin-receptor blockers may counteract the cancer-promoting effect of cigarette smoking by reducing the level or activity of overproduced angiotensin II by cigarette smoking.
In our subgroup analyses, we found an increased risk of melanoma and kidney cancer associated with the use of ACE inhibitors or angiotensin-receptor blockers. Some ACE in - hibitors have known photosensitizing properties, 62 which may enhance photo damage to the skin by ultraviolet radiation and thereby increase the risk of skin cancer. 63 Among studies reporting kidney cancer risk, cohort and nested casecontrol studies 23, 24 compared users of ACE inhibitors with patients with hypertension taking other medications, whereas conventional casecontrol studies led to no significant association between risk of kidney cancer and use of ACE inhibitors or angiotensin-receptor blockers. Therefore, a likely explanation for our finding may be that hypertension itself increased the risk of kidney cancer, an inference supported by several epidemiologic studies. 9, 64, 65 Limitations Our study has limitations. First, because the quality of our study depends on the data from the original publications used in our meta-analyses, our study may have inherited some problems of potential bias and confounding effects of observational studies. Second, our result may have been confounded by health-seeking behaviour. People who seek care for an asymptomatic condition such as hypertension may be healthier than those who do not seek care. In addition, users of ACE inhibitors or angiotensin-receptor blockers may be more likely to change their un healthy behaviours and be more health conscious once they become aware of their cardiovascular risk factors. Lastly, the findings regarding individual cancers may be an artifact of multiple comparisons given the inconsistent associations observed.
Conclusion
No significant association was found between the use of ACE inhibitors or angiotensin-receptor blockers and overall risk of cancer. A possible beneficial effect associated with use of either medication was suggested in sensitivity analyses, including those of studies with long-term follow-up. Large randomized controlled trials with long-term follow-up are needed to specifically test the effect of each of these medications on the risk of cancer.
